Abstract -The purpose of this study with the pig was to analyse the influence of the type of dietary fibre on quantitative kinetics of the absorption of nutrients deriving from enzymatic digestion in the small intestine and that of volatile fatty acids (VFA) deriving from microbial digestion in the hindgut influenced by the length of adaptation to the diet. Two groups of four pigs were fitted with a device for measuring absorption by simultaneous analysis of the differences in the porto-arterial concentrations of nutrients and metabolites and of the portal blood flow rate. They received successively two diets containing fish-and heat-treated potato flour, balanced in vitamins and minerals, and only differing in the type of fibre added at the inclusion level of 10 %: wheat bran (S) or sugar beet fibre (P). Following an adaptation period of 30 d (C) or 5 d (A) to each of these diets, and after the last experimental meal of 800 g, the animals were subjected for 12 h to blood samplings every 30-60 min for the analysis of glucose, amino-nitrogen and volatile fatty acids (VFA) with a simultaneous recording of the portal blood flow-rate. The type of dietary fibre did not modify nutrient absorption (glucose and amino-nitrogen) but affected the amounts of VFA appearing in the portal blood. These amounts were higher (P < 0.001) after ingestion of the sugar beet fibre-rich diet (group PC+PA: 766 mmol/12 h) than after that of the wheat bran-rich diet (group SC+SA: 477 mmol/12 h). The proportion of acetic acid in the absorbed mixture rose (PC+PA 63.6 % versus SC+SA 58.5 %, P < 0.01) at the expense of propionic acid (PC+PA 27.4 
INTRODUCTION
The numerous effects of dietary fibres on the body have long been established in epidemiological, clinical and experimental studies. Hence, epidemiological studies have suggested that the dietary fibredepleted diet consumed by Western populations is associated with a high incidence of colorectal cancers [5] , constipation and colon diverticulosis [4, 6] . Clinical studies have shown that fibrerich diets lead to a decrease in cholesterolaemia and an increase in glycaemia [1, 15, 16, 35] . Experimental studies have shown that dietary fibres play a role at each stage of nutrient digestion and absorption [38] .
The present trend of offering fibreenriched diets to the human consumer is therefore easy to understand. However, before using such diets, their effect on the physiology of digestion and metabolism should be evaluated by determining the physicochemical action of the fibres, and identifying their metabolic products as well as their influence on the overall metabolism. It is known that the fibres are degraded by the microflora in the large intestine and lead to production of volatile fatty acids (VFA) that provide energy and metabolic substrates for the host. In humans, only a few data are available because the production and absorption sites of VFA cannot be reached. There- fore, such studies require the use of an animal model such as the pig in which the porto-arterial differences in the concentration of nutrients can be measured by means of surgical methods (chronical fistulations) [22, 26] . Moreover, the pig seems to be the best-adapted animal after the primate for studying the digestion of fibres and its consequences on metabolism since its diet, the retention time and the profile of VFA in the large intestine are quite similar to those found in humans [ 10] .
The aim of this study was The blood samples were analysed for amino-nitrogen [19] , glucose (glucoseoxidase; [ 13] ) and VFA [9] . The method for VFA analysis (adapted from Pethick et al. [20] ) consisted of extracting them via cold sublimation under vacuum and then concentrating the sublimate. The blood sample (5 mL) was immediately centrifuged (5 The coefficients defined by Hodgman [14] were used to calculate the metabolizable energy related to the absorption of VFA. The coefficients of Schiemann et al. [36] were used to calculate the energy produced by the other nutrients.
Statistical analyses [37] Whatever the diet given or the length of the adaptation period, the portal concentrations in total VFA (figure 6) were always significantly higher (from 280 to 340 %) than the arterial concentrations.
At the time of the meal, the portal concentrations were significantly higher for the sugar beet fibre diet (P) than for the bran diet (S), whatever the length of the adaptation period. Afterwards the differences in favour of the sugar beet fibre diet (P) were only significant for the short period of adaptation ( (table III) were always significantly higher after the intake of diet P than after the intake of diet S.
On the contrary, the arterial concentrations were significantly higher after the intake of diet P only at some time intervals after the meal (time 0, 1, 4, 5, 6, 8 h after the meal). 13 pmol/L; SA 370 ± 43l l mol/L; PA 623 ± 55 pmol/L; PC 506 ± 87 pmol/L). The porto-arterial differences were always higher after the intake of diet P than after the intake of diet S but this difference was only significant (P < 0.01) from hour 6 for the short adaptation period and significant but less so (P < 0.05) in hours 6, 7, 10, 11 and 12 for the long adaptation period. When the animals were pooled according to diet without taking into account the adaptation period, the porto-arterial differences were always significantly higher (P < 0.01 to P < 0.001) after the intake of diet P than after the intake of diet S, except during hours 1, 2 and 3 after the meal. 
DISCUSSION
The aim of this study, using the pig as a model for humans, was to analyse the influence of the type of dietary fibre on the absorption of nutrients released by the enzymes in the small intestine and by the microflora (VFA S ) in the large intestine after the intake of a diet similar to that consumed by humans. Hence, nutrients such as potato flour, fish proteins, groundnut oil and sucrose were mixed in proportions close to those found in human diets.
The limits of the method used to quantify absorption kinetics have already been discussed [24, 26] . The main limitation of this method is related to the metabolism in the epithelial cells which can take up a part of the nutrients released in the intestinal lumen (glucose and amino acids: Rerat et al. [33] ), but also metabolites produced by microbial fermentation [18] . Addi [23] . Moreover, the length of the food transit in the proximal gastro-intestinal tract up to the ileocaecal valve ranges from 4 to 14-18 h depending on whether the first or the last fractions of the meal are considered [7] . According to Hecker and Grovum [11] , an additional period of 30 h is necessary for the transit in the large intestine; consequently, the mean retention time in the total digestive tract ranges from 20 to 53 h, depending on whether the first or the last fractions of the meal are considered. Thus, to study the total absorption of nutrients originating from the enzymatic digestion, the establishment of intestinal balances for a given meal would require blood samplings for 18 h h during the postprandial period. However, according to the variation in the postprandial concentrations of these nutrients the porto-arterial differences generally became low or nil after hour 12 The portal flow rate expressed relative to the animal weight (mL/kg/min) was slightly lower than in previous studies [25, 33] . This difference can be explained by the fact that, in the present experiment, the animals were heavier than in the previous ones. Moreover, it is well established that, from 40 kg live weight, there is a negative allometry between the increase in the weight of the viscera (and consequently the blood volume which irrigates them) and the weight of the animal [17] .
The variation in the portal and arterial concentrations of glucose is similar to that found after the intake of starch-rich diets in previous studies [9, 27] . It [8] suggested that digestibility increased with a decreasing transit rate in the small intestine.
The variation in the arterial and portal concentrations of amino-nitrogen observed in the present trial was similar to that described in previous studies using similar types of diets [30] . The [29] . The subsequent increase in the portal concentration corresponded to the arrival of fresh residues at the level of the large intestine. It has long been established that the transit time of the first fractions of a meal in the small intestine is approximately 4-6 h [7] . From hour 6, the porto-arterial differences however were much larger after the intake of the sugar beet fibre diet than after that of the bran diet. After 4 h, these differences led to the absorption of larger amounts of volatile fatty acids after the intake of the sugar beet fibre diet than after that of the bran diet. The same was observed for the total amounts of volatile fatty acids absorbed within 12 h. In contrast, the adaptation period had no significant influence on the absorption of volatile fatty acids. This result was not in agreement with the data of a previous experiment [9] which showed a higher VFA absorption when the adaptation period was extended from 21 to [29] . A major fraction of acetic acid was also taken up by the liver since the concentration in the arterial blood was 2 to 4 times lower than in the portal blood according to sampling time, but a portion of it escapes liver metabolism by being taken up by peripheral tissues, particularly muscles [21] . The type of fibre introduced into the diet can modify the composition of the VFA mixture absorbed. Replacing wheat bran by sugar beet fibre led to an increase in acetic acid and a decrease in propionic acid. Modifications in the composition of VFA produced were also observed when using other fibres [3] or when hydrogenated sugars were introduced into the diets [34] . The proportion of butyrate seems to be lower in the pig (7-15 %) 
